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(57) ABSTRACT

An organic light-emitting display device comprises a sub-
strate, a driving thin-film transistor including an active layer
on the substrate, source and drain electrodes directly con-
tacting the active layer, and a gate electrode on the active
layer, and an organic light-emitting element connected to the
driving thin-film transistor. Each of the source and drain
electrodes of the driving thin-film transistor exposes a
respective side surface of the active layer.
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2018-0111823, filed in Korea on
Sep. 18, 2018, which is hereby incorporated by reference as
if fully set forth herein.

BACKGROUND

Technical Field

[0002] The present disclosure relates to an organic light-
emitting display device, and more particularly, to an organic
light-emitting display device for simplifying the structure
and manufacturing process thereof.

Discussion of the Related Art

[0003] An image display device, which displays various
pieces of information on a screen, is a core technology of the
information and communication age, and is being developed
to be thinner, lighter, more portable, and higher performing.
Hence, organic light-emitting display devices, which are
capable of overcoming the problems of disadvantageous
weight and volume associated with a cathode ray tube
(CRT), are attracting attention. Organic light-emitting dis-
play (OLED) devices may be self-illuminating devices and
have low power consumption, a high response speed, high
luminance efficiency, high brightness, and a wide viewing
angle. Such OLED devices display an image using a plu-
rality of subpixels, which are arranged in a matrix form.
Each of the subpixels includes a light-emitting element and
a pixel-driving circuit having multiple transistors that imple-
ment independent driving of the light-emitting element.
[0004] Typically, in order to manufacture an OLED
device, a mask process using a photomask is performed a
plurality of times. Each mask process may involve subpro-
cesses, such as washing, exposure, developing, and etching
processes. To this end, whenever an additional mask process
is added, the time and costs for the manufacture of the
OLED device increase, and the rate of generation of defec-
tive products increases, which results in a lower production
vield. Therefore, there is a demand for a simplified structure
and manufacturing process in order to reduce production
costs and to enhance production yield and production effi-
ciency.

SUMMARY OF THE DISCLOSURE

[0005] Accordingly, the present disclosure is directed to
an organic light-emitting display device that substantially
obviates one or more problems due to the limitations and
disadvantages of the related art.

[0006] An object of the present disclosure is to provide an
organic light-emitting display device for simplifving the
structure and manufacturing process thereof.

[0007] Additional advantages, objects, and features of the
disclosure will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the disclosure. The
objectives and other advantages of the disclosure may be
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realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.

[0008] To achieve these objects and other advantages and
in accordance with the purpose of the disclosure, as embod-
ied and broadly described herein, an organic light-emitting
display device comprises a substrate; a driving thin-film
transistor including an active layer on the substrate, source
and drain electrodes directly contacting the active layer, and
a gate electrode on the active layer; and an organic light-
emitting element connected to the driving thin-film transis-
tor, wherein each of the source and drain electrodes of the
driving thin-film transistor exposes a respective side surface
of the active layer.

[0009] Accordingly, because each of the source and drain
electrodes and the active layer are directly connected to each
other without a separate contact hole, it is possible to reduce
the total number of contact holes and thus improve an
aperture ratio. In addition, because the number of mask
processes is reduced, it is possible to simplify the structure
and manufacturing process of the device and consequently
achieve enhanced productivity.

[0010] It is to be understood that both the foregoing
general description and the following detailed description of
the present disclosure are exemplary and explanatory and
are intended to provide further explanation of the disclosure
as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are included to
provide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
illustrate embodiments of the disclosure and together with
the description serve to explain the principles of the disclo-
sure. In the drawings:

[0012] FIG. 1 is a plan view illustrating an organic light-
emitting display device according to a first embodiment of
the present disclosure;

[0013] FIG. 2 is a plan view illustrating the unit pixel
illustrated in FIG. 1;

[0014] FIG. 3 illustrates cross-sectional views taken along
lines IT, I1-IT' and IT1-I1I" in the organic light-emitting display
device illustrated in FIG. 2.

[0015] FIGS. 4A to 4G are cross-sectional views illustrat-
ing a method of manufacturing the organic light-emitting
display device illustrated in FIG. 3;

[0016] FIG. 51is a cross-sectional view illustrating another
example of the gate insulation film illustrated in FIG. 3;
[0017] FIG. 6 is a plan view illustrating a unit pixel of an
organic light-emitting display device according to a second
embodiment of the present disclosure;

[0018] FIG. 7 illustrates cross-sectional views taken along
lines IV-IV', V-V" and VI-VT' in the organic light-emitting
display device illustrated in FIG. 6; and

[0019] FIGS. 8A to 8C are cross-sectional views illustrat-
ing a method of manufacturing the gate insulation film and
the planarization layer illustrated in FIG. 7.

DETAILED DESCRIPTION

[0020] Reference will now be made in detail to some
embodiments of the present disclosure, examples of which
are illustrated in the accompanying drawings. Wherever
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possible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts.

[0021] FIG. 1 is a plan view illustrating an organic light-
emitting display device according to a first embodiment of
the present disclosure.

[0022] The organic light-emitting display device illus-
trated in FIG. 1 includes an active area AA and a pad area
PA. In the pad area PA, as illustrated in FIGS. 2 and 3, there
is provided a scan pad SPD, which supplies a driving signal
to a scan line SL disposed in the active area AA, a data pad
140, which supplies a driving signal to a data line DL, and
a power source pad VPD, which supplies a driving signal to
each of a high-potential voltage VDD supply line VDL and
a low-potential voltage VSS supply line VSL.

[0023] At least one conductive pad among the scan pad
SPD, the data pad 140, or the power source pad VPD
includes a lower pad electrode 142 and an upper pad
electrode 144.

[0024] The lower pad electrode 142 is formed of the same
material as source and drain electrodes 106, 108, 156 and
158 on an active layer 148. The lower pad electrode 142 has
the same line width and shape as the active layer.

[0025] The upper pad electrode 144 is electrically con-
nected to a portion of the lower pad electrode 142 that is
exposed through a pad contact hole 146 penetrating a gate
insulation film 114. The upper pad electrode 144 is formed
as a transparent conductive layer 160a, which is the same as
that of an anode 132. The upper pad electrode 144 has the
same line width and shape as the gate insulation film 114,
which is disposed under the upper pad electrode 144.
[0026] The active area AA displays an image through unit
pixels, each of which includes a light-emitting element 130.
For example, each unit pixel includes red (R), green (G), and
blue (B) subpixels SP, or includes red (R), green (G), blue
(B), and white (W) subpixels SP.

[0027] Data lines DL are disposed between the red (R) and
white (W) subpixels SP and between the green (G) and blue
(B) subpixels. A high-potential voltage line VDL for sup-
plying a high-potential voltage VDD is disposed between
the green (G) and red (R) subpixels SP, and the high-
potential voltage VDD is supplied to the green (G) and red
(R) subpixels SP via the high-potential voltage line VDL.
The high-potential voltage VDD is supplied to the white (W)
and blue (B) subpixels SP via a first connection part 164,
which is connected to the high-potential voltage line VDL.
A low-potential voltage line VSL for supplying a low-
potential voltage VSS is disposed between the white (W)
and blue (B) subpixels SP, and the low-potential voltage
VSS is supplied to the white (W) and blue (B) subpixels SP
via the low-potential voltage line VSL. The low-potential
voltage VSS is supplied to the green (G) and red (R)
subpixels SP via a second connection part 166, which is
connected to the low-potential voltage line VSL. Alterna-
tively, instead of the low-potential voltage line VSL, a
reference voltage line for supplying a reference voltage Vref,
which is used in a sensing mode, may be disposed.

[0028] A gate insulation film 114 and a planarization layer
116 are disposed on the intersection between a vertical line,
which includes at least one of the data line DL, the low-
potential voltage line VSL, or the high-potential voltage line
VDL, which extends in the vertical direction, and a hori-
zontal line, which includes at least one of the scan line SL,
the first connection part 164, or the second connection part
166, which extends in the horizontal direction. Thus, it may
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be possible to prevent the occurrence of a short circuit at the
intersection between the vertical line and the horizontal line.
[0029] Each subpixel includes a light-emitting element
130 and a pixel-driving circuit that implements independent
driving of the light-emitting element 130. The pixel-driving
circuit includes a switching thin-film transistor TS, a driving
thin-film transistor TD, and a storage capacitor Cst.

[0030] When a scan pulse is supplied to the scan line SL,
the switching thin-film transistor TS is turned on, and
supplies the data signal supplied to the data line DL to the
storage capacitor Cst and to a gate electrode of the driving
thin-film transistor TD.

[0031] The driving thin-film transistor TD controls the
current I to be supplied from the high-potential voltage VDD
supply line VDL to the light-emitting element 130 in
response to the data signal supplied to the gate electrode of
the driving thin-film transistor TD, thereby adjusting the
amount of light emitted from the light-emitting element 130.
Then, even if the switching thin-film transistor TS is turned
off, the driving thin-film transistor TD maintains the emis-
sion of light by the light-emitting element 130 by supplying
a constant amount of current 1 thereto using the voltage
charged in the storage capacitor Cst until a data signal of a
next frame is supplied.

[0032] Each of the switching thin-film transistor TS and
the driving thin-film transistor TD, as illustrated in FIGS. 2
and 3, includes a gate electrode 152 and 102, a source
electrode 156 and 106, a drain electrode 158 and 108, and an
active layer 154 and 104.

[0033] The gate electrode 152 and 102 is formed on the
gate insulation film 114, which has the same shape as the
gate electrode 152 and 102. The gate electrode 152 and 102
overlaps a channel region of the active layer 154 and 104,
with the gate insulation film 114 interposed therebetween.
Each of the gate electrode 152 and 102, the scan line SL, and
the first and second connection parts 164 and 166 includes
a transparent conductive layer 160a and an opaque conduc-
tive layer 1605 disposed on the transparent conductive layer
160a. The transparent conductive layer 160qa is formed of a
transparent material, such as indium-tin-oxide (ITO) or
indium-zinc-oxide (IZO), which is the same material as the
anode 132. The opaque conductive layer 1605 has the same
shape as the transparent conductive layer 160a. The opaque
conductive layer 160h may have a single-layer or multi-
layer structure, and may be formed of a material selected
from the group consisting of aluminum (Al), chrome (Cr),
gold (Au), nickel (N1), neodymium (Nd), copper (Cu), and
alloys thereof, without being limited thereto.

[0034] The source electrode 156 and 106 is disposed on
the active layer 154 and 104 so as to expose the side surface
of the active layer 154 and 104, and is in direct contact with
the active layer 154 and 104 without a separate contact hole.
The entire lower surface of the source electrode 106 and 156
is in direct contact with a source region 154S and 104S of
the active layer 154 and 104. The source electrode 106 of the
driving thin-film transistor TD is directly connected to the
high-potential supply line VDL, or is connected to the first
connection part 164 through the source contact hole 162
penetrating the gate insulation film 114.

[0035] Similarly, the drain electrode 108 and 158 is dis-
posed on the active layer 154 and 104 so as to expose the
side surface of the active layer 154 and 104, and is in direct
contact with the active layer 154 and 104 without a separate
contact hole. The entire lower surface of the drain electrode
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108 and 158 is in direct contact with a drain region 154D and
104D of the active layer 154 and 104.

[0036] The drain electrode 108 of the driving thin-film
transistor TD is exposed through a pixel contact hole 120
penetrating the gate insulation film 114, and is connected to
the anode 132.

[0037] Each of the source electrode 156 and 106 and the
drain electrode 158 and 108 is formed of a conductive layer
having corrosion resistance to etching gas of the gate
insulation film 114. For example, each of the source elec-
trode 156 and 106 and the drain electrode 158 and 108 may
have a single-layer or multi-layer structure, and may be
formed of a material selected from the group consisting of
aluminum (Al), copper (Cu), and an alloy thereof, without
being limited thereto. Thus, when the pixel contact hole 120
is formed in order to expose the drain electrode 158 and 108,
even if the gate insulation film 114 is over-etched, it may be
possible to prevent the drain electrode 158 and 108 from
being lost.

[0038] The active layer 154 and 104 includes a channel
region 154C and 104C, and further includes a source region
1548 and 1048 and a drain region 154D and 104D, which
face each other with the channel region 154C and 104C
interposed therebetween. The channel region 154C and
104C overlaps the gate electrode 152 and 102, with the gate
insulation film 114 interposed therebetween, and forms a
channel between the source and drain electrodes 156, 106,
158, and 108. The source region 154S and 104S is a region
that is made conductive and that is directly connected to the
source electrode 156 and 106. Similarly, the drain region
154D and 104D is a region that is made conductive and that
is directly connected to the drain electrode 158 and 108.

[0039] The active layer 154 and 104 is formed on a buffer
film 112 and is formed of at least one of an oxide semicon-
ductor material, a polycrystalline semiconductor material, or
an amorphous semiconductor material, which includes at
least one material selected from the group consisting of Zn,
Cd, Ga, In, Sn, Hf, and Zr. The buffer film 112 is formed on
asubstrate 101, which is formed of glass or plastic resin such
as polyimide (PI), and is formed in a single-layer or multi-
layer structure using silicon oxide or silicon nitride. The
buffer layer 112 serves to prevent the diffusion of moisture
or impurities generated in the substrate 101 and/or to control
a heat transfer rate during crystallization so that the active
layer 154 and 104 may be crystallized well.

[0040] In order to prevent external light from being inci-
dent on the channel region 154C and 104C of at least one of
the switching thin-film transistor TS and the driving thin-
film transistor TD, a light-shielding layer 124 is formed on
the substrate 101 and the buffer layer 112. For example, the
light-shielding layer 124 may selectively overlap the driving
thin-film transistor TD, which controls the current that is
supplied to the light-emitting element 130, rather than the
switching thin-film transistor TS, which performs a switch-
ing function.

[0041] The light-shielding layer 124 is exposed by a
light-shielding hole 122 penetrating the gate insulation film
114 and the buffer layer 112, and is electrically connected to
the anode 132. Accordingly, the light-shielding layer 124 has
the same potential as the anode 132 without floating, and
thus does not have an influence on the driving of the driving
thin-film transistor TD, which is disposed so as to overlap
the light-shielding layer 124.
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[0042] The storage capacitor Cst is formed as a result of
overlapping the drain electrode 158 of the switching thin-
film transistor TS and a storage electrode 126 with the gate
insulation film 114 interposed therebetween. The storage
electrode 126 is formed of a transparent conductive layer
160, which is the same as that of the anode 132. The storage
electrode 126 is disposed on the gate insulation film 114 and
is connected to the drain electrode 108 of the driving
thin-film transistor TD. A protective film 118 and a bank 138
are sequentially disposed on the storage electrode 126.
[0043] Even when the switching thin-film transistor TS is
turned off, the driving thin-film transistor TD maintains the
emission of light by the light-emitting element 130 by
supplying a constant amount of current thereto using the
voltage charged in the storage capacitor Cst until a data
signal of a next frame is supplied.

[0044] The light-emitting element 130 includes an anode
132, which is connected to the drain electrode 108 of the
driving thin-film transistor TD, at least one light-emitting
stack 134, which is formed on the anode 132, and a cathode
136, which is formed on the light-emitting stack 134 so as
to be connected to the low-potential voltage VSS supply line
VSL. Here, the low-potential voltage VSS supply line VSL
supplies low-potential voltage VSS that is lower than the
high-potential voltage VDD.

[0045] Because the anode 132 is formed through the same
mask process as the gate electrode 152 and 102 and the scan
line SL, the anode 132 is formed of a transparent conductive
layer 1604, such as indium-tin-oxide (ITO) or indium-zinc-
oxide (IZ0), which is included in the gate electrode 152 and
102. The upper surface of the anode 132 is exposed by an
emission hole EH penetrating the bank 138 which defines an
emission region.

[0046] The light-emitting stack 134 is formed by stacking
a hole transport layer, an emission layer, and an electron
transport layer on the anode 132 in that order or in the
reverse order.

[0047] The cathode 136 is formed on the upper surfaces
and the side surfaces of the light-emitting stack 134 and the
bank 138 so as to face the anode 132, with the light-emitting
stack 134 interposed therebetween. In the case in which the
cathode 136 is applied to a bottom-emission-type organic
light-emitting display device, the cathode 136 is formed in
a multi-layer structure including a transparent conductive
layer and an opaque conductive layer having high reflection
efficiency. The transparent conductive layer is formed of a
material having a relatively high work function, such as
indium-tin-oxide (ITO) or indium-zinc-oxide (IZ0), and the
opaque conductive layer is formed in a single-layer or
multi-layer structure including a material selected from the
group consisting of Al, Ag, Cu, Pb, Mo, Ti, and alloys
thereof. For example, the cathode 136 is formed in a
structure such that a transparent conductive layer, an opaque
conductive layer, and a transparent conductive layer are
sequentially stacked.

[0048] A color filter 128 is disposed on the gate insulation
film 114 so as to overlap the emission region defined by the
bank 138. Any one of a red (R) color filter, a green (G) color
filter, and a blue (B) color filter is disposed in each subpixel.
That 1s, a red color filter 128 is disposed in the red (R)
subpixel, a green color filter 128 is disposed in the green (G)
subpixel, and a blue color filter 128 is disposed in the blue
(B) subpixel. Accordingly, white light generated in the
light-emitting stack 134 passes through the color filter 128,
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whereby the color filter 128 realizes colored light corre-
sponding thereto. The color filter 128 may extend so as to
cover at least one of the switching thin-film transistor TS or
the driving thin-film transistor TD, and may absorb external
light. The color filter 128 may also prevent external light
from being incident on the active layer 154 and 104 of the
switching and driving thin-film transistors TS and TD.
[0049] As such, when the light-emitting stack 134 gener-
ates white light, the white light generated by the light-
emitting stack 134 is incident on the color filter 128, thereby
realizing a color image. Alternatively, each light-emitting
stack 134 may realize a color image without a color filter
128 by generating colored light corresponding to a respec-
tive one of the subpixels. That is, the light-emitting stack
134 of the red (R) subpixel may generate red light, the
light-emitting stack 134 of the green (G) subpixel may
generate green light, and the light-emitting stack 134 of the
blue (B) subpixel may generate blue light.

[0050] The planarization layer 116 is formed of a trans-
parent organic insulation material such as acrylic resin for
planarization on the substrate 101, on which the color filter
128 has been formed. The planarization layer 116 serves as
a white color filter in the white subpixel, in which the color
filter 128 is not formed. The planarization layer 116 is
disposed at the intersection between the vertical line (e.g. the
data line DL) and the horizontal line (e.g. the scan line SL.)
and in the emission region in which the color filter 128 is
disposed. The planarization layer 116 is not formed in a
driving circuit region A in which the switching and driving
thin-film transistors TS and TD are disposed so as not to
overlap the driving circuit region in which the switching and
driving thin-film transistors TS and TD are disposed.
[0051] According to embodiments of the present disclo-
sure, the lower pad electrode 142 and each of the source and
drain electrodes 156, 106, 158 and 108 are disposed on the
active layer 154, 104 and 148 so as to expose the side surface
of the active layer 154, 104 and 148. That is, the lower pad
electrode 142 and each of the source and drain electrodes
156, 106, 158 and 108 are directly connected to the active
layer 154, 104 and 148 without a separate contact hole.
Accordingly, embodiments of the present disclosure may be
capable of reducing the total number of contact holes, and
thus, improving an aperture ratio.

[0052] In addition, according to embodiments of the pres-
ent disclosure, the data line, the lower pad electrode 142, the
source electrode 156 and 106, the drain electrode 158 and
108, and the active layer 154, 104 and 148 are formed
through the same mask process, and the scan line SL, the
gate electrode 152 and 102, the storage electrode 126, the
upper pad electrode 144, and the anode 132 are formed
through the same mask process. Accordingly, the present
disclosure may reduce the number of mask processes by a
total of at least two times compared to the related art, thereby
simplifying the structure and manufacturing process of the
device and consequently achieving enhanced productivity.
[0053] FIGS. 4A to 4G are cross-sectional views illustrat-
ing a method of manufacturing the organic light-emitting
display device illustrated in FIG. 3.

[0054] With reference to FIG. 4A, the light-shielding layer
124 is formed on the substrate 101. For example, after a first
conductive layer is deposited on the entire surface of the
substrate 101, the first conductive layer is patterned through
a photolithography process and an etching process, thereby
forming the light-shielding layer 124.
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[0055] With reference to FIG. 4B, the buffer layer 112 is
formed on the substrate 101, on which the light-shielding
layer 124 has been formed. The active layer 148, 154 and
104, the lower pad electrode 142, the data line DL, the
source electrode 156 and 106, and the drain electrode 158
and 108 are formed on the buffer layer 112 through the same
mask process.

[0056] For example, the buffer layer 112 is formed by
depositing an inorganic insulation material such as SiOx or
SiNx on the entire surface of the substrate 101, on which the
light-shielding layer 124 has been formed. Subsequently, the
active layer 154 and 104 and a second conductive layer are
sequentially stacked on the substrate 101, on which the
buffer layer 112 has been formed. When the active layer 154
and 104 is deposited, the flow rate of at least one of oxygen
or hydrogen is controlled so as to form the conductive active
layer 154 and 104. For example, when the active layer 154
and 104 is deposited, the conductive active layer 154 and
104 is formed by decreasing the relative flow rate of oxygen
or increasing the relative flow rate of hydrogen.

[0057] Subsequently. a photoresist pattern having a multi-
stage structure is formed on the second conductive layer
through a photolithography process using a halftone mask.
The active layer 154 and 104 and the second conductive
layer are simultaneously patterned through an etching pro-
cess using the photoresist pattern having a multi-stage
structure as a mask. Accordingly, the lower pad electrode
142, the data line DL, the source electrode 156 and 106, and
the drain electrode 158 and 108 are formed on the active
layer 154 and 104 so as to have the same shape as the active
layer 154 and 104.

[0058] Subsequently. the second conductive layer, which
is disposed between the source electrode 156 and 106 and
the drain electrode 158 and 108, is exposed by ashing the
photoresist pattern having a multi-stage structure. The
exposed second conductive layer is removed through an
etching process using the ashed photoresist pattern as a
mask. As a result, the source and drain electrodes 156, 106,
158, and 108 are separated from each other, and the active
layer 154 and 104 is exposed between the source and drain
electrodes 156, 106, 158, and 108.

[0059] With reference to FIG. 4C, the gate insulation film
114 is formed on the substrate 101, on which the active layer
148, 154 and 104, the lower pad electrode 142, the data line
DL, the source electrode 156 and 106, and the drain elec-
trode 158 and 108 have been formed. In addition, the color
filter 128 is formed on the gate insulation film 114.

[0060] Forexample, the gate insulation film 114 is formed
by depositing an inorganic insulation material such as SiOx
or SiNx on the entire surface of the substrate 101, on which
the active layer 148, the lower pad electrode 142, the data
line DL, the source electrode 156 and 106, and the drain
electrode 158 and 108 have been formed. When the gate
insulation film 114 is deposited. the flow rate of oxygen is
increased more than in the process of depositing the active
layer 154 and 104, or the flow rate of hydrogen is decreased
more than in the process of depositing the active layer 154
and 104. Accordingly, the active layer 154 and 104, which
is exposed between the source and drain electrodes 156, 106,
158 and 108, is changed from the conductor state to a
semiconductor state. That is, the source region 154S and
104S that contacts the source electrode 156 and 106 is
maintained in the conductor state, which was realized in the
process of depositing the active layer 154 and 104, the drain



US 2020/0091264 Al

region 154D and 104D that contacts the drain electrode 158
and 108 is maintained in the conductor state, which was
realized in the process of depositing the active layer 154 and
104, and the portion of the active layer 154 and 104 that is
exposed between the source and drain electrodes 156, 106,
158 and 108 is changed to the channel region 154C and
104C in a semiconductor state.

[0061] Subsequently, color resin is applied on the gate
insulation film 114, and is then patterned through a photo-
lithography process, thereby forming the color filter 128.
[0062] With reference to FIG. 4D, the planarization layer
116 is formed on the substrate 101, on which the color filter
128 has been formed. For example, an organic film such as
photo-acrylic resin is applied on the entire surface of the
substrate 101, on which the color filter 128 has been formed,
and is then patterned through a photolithography process,
thereby forming the planarization layer 116. The planariza-
tion layer 116 is disposed on the intersection between the
vertical line DL and the horizontal line SL and in the
emission region in which the color filter 128 is disposed, but
is not disposed in the driving circuit region in which the
switching and driving thin-film transistors TS and TD are
disposed.

[0063] With reference to FIG. 4E, the pad contact hole
146, the source contact hole 162, the pixel contact hole 120,
and the light-shielding contact hole 122 are formed on the
substrate 101, on which the planarization layer 116 has been
formed. For example, the gate insulation film 114, which is
disposed on the substrate 101 having the planarization layer
116 formed thereon, is patterned through a photolithography
process and an etching process, thereby forming the pad
contact hole 146, the source contact hole 162, the pixel
contact hole 120, and the light-shielding contact hole 122.
Here, the pad contact hole 146, the source contact hole 162,
and the pixel contact hole 120 penetrate the gate insulation
film 114 and expose the lower pad electrode 142 and the
source and drain electrodes 106 and 108 of the driving
thin-film transistor TD, respectively. The light-shielding
contact hole 122 penetrates the buffer layer 112 and the gate
insulation film 114 and exposes the light-shielding layer
124,

[0064] With reference to FIG. 4F, the upper pad electrode
144, the scan line SL, the gate electrode 152 and 102, the
storage electrode 126, the first connection part 164, and the
anode 132 are formed on the substrate 101, in which the pad
contact hole 146, the source contact hole 162, the pixel
contact hole 120, and the light-shielding contact hole 122
have been formed.

[0065] Forexample, the transparent conductive layer 160a
and the opaque conductive layer 1605 are sequentially
formed on the substrate 101, in which the pad contact hole
146, the source contact hole 162, the pixel contact hole 120,
and the light-shielding contact hole 122 have been formed.
The transparent conductive layer 160a is formed of a
transparent conductive material such as ITO. The opaque
conductive layer 1605 is formed in a single-layer or multi-
layer structure including a metal material selected from the
group consisting of Mo, Ti, Cu, AINd, Al, Cr, and alloys
thereof. Subsequently, a photoresist pattern having a multi-
stage structure is formed through a photolithography process
using a halftone mask. The transparent conductive layer
160a, the opaque conductive layer 160b, and the gate
insulation film 114 are simultaneously patterned through an
etching process using the photoresist pattern having a multi-

Mar. 19, 2020

stage structure as a mask. Accordingly, each of the upper pad
electrode 144, the scan line SL, the gate electrode 152 and
102, the storage electrode 126, the first connection part 164,
and the anode 132 is formed in a structure in which the
transparent conductive layer 160a and the opaque conduc-
tive layer 1605 are sequentially stacked. The gate insulation
film 114 is formed in the regions overlapping the upper pad
electrode 144, the scan line SL, the gate electrode 152 and
102, the storage electrode 126, the first connection part 164,
and the anode 132.

[0066] Subsequently. the opaque conductive layer 1608,
which is included in each of the upper pad electrode 144, the
storage electrode 126 and the anode 132, is exposed by
ashing the photoresist pattern having a multi-stage structure.
The exposed opaque conductive layer 1605 is removed
through an etching process using the ashed photoresist
pattern as a mask. Accordingly, each of the upper pad
electrode 144, the storage electrode 126, and the anode 132
is formed as the transparent conductive layer 160a.

[0067] The gate insulation film 114 is also dry-etched
during the process of dry-etching the opaque conductive
layer 1605 and the transparent conductive layer 160a, which
form the upper pad electrode 144, the scan line SL, the gate
electrode 152 and 102, the storage electrode 126, the first
connection part 164, and the anode 132. At this time, the
channel region between each of the source and drain elec-
trodes 156, 106, 108, and 158 and the gate electrode 152 and
102 is exposed to etching gas used in the dry-etching
process. As a result, a bond between metal and oxygen that
form the channel region between each of the source and
drain electrodes 156, 106, 108 and 158 and the gate elec-
trode 152 and 102 is destroyed, and the oxygen is separated
from the metal. In this case, vacancies are generated in the
metal due to the separation of the oxygen, and free electrons
are generated. Thus, the channel region between the source
electrode 156 and 106 and the gate electrode 152 and 102
becomes the conductive source region 154S and 104S, the
channel region between the drain electrode 108 and 158 and
the gate electrode 152 and 102 becomes the conductive drain
region 154D and 104D, and only the active layer disposed
under the gate electrode 152 and 102 is used as the channel
region 154C and 104C.

[0068] With reference to FIG. 4G, the protective film 118,
the bank 138, the light-emitting stack 134, and the cathode
136 are formed on the substrate 101, on which the upper pad
electrode 144, the scan line SL, the gate electrode 152 and
102, the storage electrode 126, the first connection part 164,
and the anode 132 have been formed.

[0069] For example, the protective film 118 is formed on
the substrate 101, on which the upper pad electrode 144, the
scan line SL, the gate electrode 152 and 102, the storage
electrode 126, the first connection part 164, and the anode
132 have been formed. The protective film 118 is formed of
an inorganic insulation material such as SiOx or SiNx.
Subsequently, an organic film such as photo-acrylic resin is
applied on the entire surface of the substrate 101, on which
the protective film 118 has been formed, and is then pat-
terned through a photolithography process, thereby forming
the bank 138. Subsequently, the protective film 118 is
patterned through an etching process using the bank 138 as
a mask, with the result that the protective film 118 is formed
under the bank 138 and has the same shape as the bank 138.
Subsequently, the light-emitting stack 134 and the cathode
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136 are sequentially formed in the active area AA, rather
than the pad area PA, through a deposition process using a
shadow mask.

[0070] In embodiments of the present disclosure, a con-
figuration in which the gate insulation film 114 is removed
between each of the source and drain electrodes 156, 106,
158, and 108 and the gate electrode 152 and 102 has been
described by way of example. Alternatively, as illustrated in
FIG. 5, the gate insulation film 114 may be disposed between
each of the source and drain electrodes 156, 106, 158, and
108 and the gate electrode 152 and 102. In this case, the
source region 154S and 104S and the drain region 154D and
104D of the active layer 154 and 104 illustrated in FIG. §
may be made conductive using an ultraviolet ray (UV). That
is, after the upper pad electrode 144, the scan line SL, the
gate electrode 152 and 102, the storage electrode 126, the
first connection part 164, and the anode 132 are formed, an
ultraviolet ray is radiated to the active layer 154 and 104,
which is formed of an oxide semiconductor material. As an
ultraviolet ray is radiated to a portion of the active layer 154
and 104 that is exposed between each of the source and drain
electrodes 156, 106, 158 and 108 and the gate electrode 152
and 102, a bond between metal and oxygen forming the
active layer 154 and 104 is destroyed, and the oxygen is
separated from the metal. In this case, vacancies are gener-
ated in the metal due to the separation of the oxygen, and
free electrons are generated. As a result, the source region
154S and 104S and the drain region 154D and 104D, in
which free electrons are generated, are formed at both sides
of the channel region 154C and 104C.

[0071] FIG. 6 is a plan view illustrating an organic light-
emitting display device according to a second embodiment
of the present disclosure. FIG. 7 illustrates cross-sectional
views taken along lines IV-IV', V-V' and VI-VI' in the
organic light-emitting display device illustrated in FIG. 6.

[0072] The organic light-emitting display device accord-
ing to the second embodiment of the present disclosure
illustrated in FIGS. 6 and 7 has the same constituent
components as the organic light-emitting display device
illustrated in FIGS. 2 and 3, except that the planarization
layer 116 is disposed on the storage capacitor Cst. A detailed
explanation of the same constituent components will be
omitted.

[0073] The drain electrode 158 of the switching thin-film
transistor TS overlaps the storage electrode 148, with the
buffer layer 112 interposed therebetween, with the result that
the storage capacitor Cst is formed. The storage electrode
148 is disposed on the substrate 101 and is formed of the
same material as the light-shielding layer 124. The storage
electrode 148 is connected to the drain electrode 108 of the
driving thin-film transistor TD.

[0074] The gate insulation film 114, the planarization layer
116, the protective film 118, and the bank 138 are sequen-
tially disposed on the storage capacitor Cst. Here, because
the gate insulation film 114 and the planarization layer 116
are formed through the same mask process, the gate insu-
lation film 114 and the planarization layer 116 have the same
shape and the same line width as each other. The planariza-
tion layer 116 is disposed at the intersection between the
vertical line (e.g. the data line DL) and the horizontal line
(e.g. the scan line SL), in the region in which the storage
capacitor is disposed, and in the emission region in which
the color filter 128 is disposed. The planarization layer 116
is not disposed in the driving circuit region A that corre-
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sponds to the active layers 154 and 104 of the switching and
driving thin-film transistors TS and TD, so as not to overlap
the active layers 154 and 104 of the switching and driving
thin-film transistors TS and TD.

[0075] FIGS. 8A to 8C are cross-sectional views illustrat-
ing in detail a process of manufacturing the gate insulation
film and the planarization layer illustrated in FIG. 7.
[0076] An organic film for planarization is applied on the
substrate 101 having the color filter 128 formed by the
manufacturing method illustrated in FIG. 4C thereon. Sub-
sequently, the organic film is patterned through a photoli-
thography process using a halftone mask, with the result that
the organic film 1164 having a multi-stage structure is
formed, as illustrated in FIG. 8A. The gate insulation film
114 and the buffer layer 112 are patterned through an etching
process using the organic film 116¢ having a multi-stage
structure as a mask, with the result that the pad contact hole
146, the source contact hole 162, the pixel contact hole 120,
and the light-shielding contact hole 122 are formed, as
illustrated in FIG. 8B.

[0077] Subsequently. the organic film 116a having a
multi-stage structure is ashed and becomes the planarization
layer 116, which is disposed at the intersection between the
scan line SL and the data line DL, on the storage electrode
148, and on the color filter 128, as illustrated in FIG. 8C.
[0078] As described above, in the organic light-emitting
display device according to the second embodiment of the
present disclosure, the planarization layer 116 and the gate
insulation film 114 are formed through the same mask
process. Accordingly, the second embodiment of the present
disclosure may reduce the number of mask processes by a
total of at least three times compared to the related art,
thereby simplifying the structure and manufacturing process
of the device and consequently achieving enhanced produc-
tivity.

[0079] In embodiments of the present disclosure, the pro-
tective film 118 and the planarization layer 138 may not be
disposed in the pad region in which the conductive pad 140
is disposed, as illustrated in FIG. 3, or may be disposed so
as to have therein a second pad contact hole 170 for
exposing the upper pad electrode 144, as illustrated in FIG.
7. As illustrated in F1G. 7, a stepped portion may be formed
due to the protective film 118 and the planarization layer
138, which are disposed so as to cover both sides of the
upper pad electrode 144. Because the stepped portion may
cause TAB process defects, the structure of the conductive
pad 140 illustrated in FIG. 3 may be more suitable than that
illustrated in FIG. 7.

[0080] Although the present disclosure has been described
with reference to the organic light-emitting display device,
the present disclosure may also be applied to a display
device having a thin-film transistor.

[0081] As is apparent from the above description, accord-
ing to an organic light-emitting display device of embodi-
ments of the present disclosure, source and drain electrodes
and an active layer may be formed through the same single
mask process, and thus each of the source and drain elec-
trodes and the active layer are directly connected to each
other without a separate contact hole. Accordingly, it may be
possible to reduce the total number of contact holes and thus
improve an aperture ratio by at least 28% compared to a
structure in which each of source and drain electrodes and an
active layer are connected to each other through a contact
hole.
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[0082] In addition, source and drain electrodes and an
active layer may be formed through the same single mask
process, and a gate electrode and an anode may be formed
through the same single mask process. Accordingly, it may
be possible to reduce the number of mask processes by a
total of at least two times compared to the related art. thereby
simplifying the structure and manufacturing process of the
device and consequently achieving enhanced productivity.

[0083] Inaddition, because a planarization layer and a gate
insulation film may be formed through the same single mask
process, it may be possible to further reduce the number of
mask processes.

[0084] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the spirit or scope
of the disclosure. Thus, it is intended that the present
disclosure covers the modifications and variations of this
disclosure provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. An organic light-emitting display device, comprising:

a substrate;

a driving thin-film transistor including an active layer on
the substrate, source and drain electrodes directly con-
tacting the active layer, and a gate electrode on the
active layer; and

an organic light-emitting element connected to the driving
thin-film transistor,

wherein each of the source and drain electrodes of the
driving thin-film transistor exposes a respective side
surface of the active layer.

2. The organic light-emitting display device according to

claim 1, further comprising:

a switching thin-film transistor connected to the driving
thin-film transistor, the switching thin-film transistor
including an active layer, a gate electrode, and source
and drain electrodes,

wherein each of the source and drain electrodes of the
switching thin-film transistor exposes a respective side
surface of the active layer of the switching thin-film
transistor.

3. The organic light-emitting display device according to
claim 2, wherein an entire lower surface of each of the
source and drain electrodes of at least one of the driving
thin-film transistor and the switching thin-film transistor is
in direct contact with the active layer of at least one of the
driving thin-film transistor and the switching thin-film tran-
sistor.

4. The organic light-emitting display device according to
claim 2, further comprising:

ascan line and a data line each connected to the switching
thin-film transistor; and

a planarization layer between the scan line and the data
line.

5. The organic light-emitting display device according to

claim 4, further comprising:

a lower pad electrode connected to at least one of the scan
line and the data line; and

an upper pad electrode connected to the lower pad elec-
trode.
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6. The organic light-emitting display device according to
claim 5, wherein the upper pad electrode is formed of a same
material as an anode of the organic light-emitting element.

7. The organic light-emitting display device according to
claim 5, further comprising:

a gate insulation film having therein a pad contact hole

exposing the lower pad electrode,

wherein the upper pad electrode has a same line width as
the gate insulation film.

8. The organic light-emitting display device according to

claim 2, wherein:

the gate electrode of each of the switching thin-film
transistor and the driving thin-film transistor includes a
transparent conductive layer and an opaque conductive
layer on the transparent conductive layer; and

the organic light-emitting element includes an anode that
is formed from a transparent conductive layer.

9. The organic light-emitting display device according to

claim 8, further comprising:

a gate insulation film between the gate electrode of each
of the switching thin-film transistor and the driving
thin-film transistor and the active layer of each of the
switching thin-film transistor and the driving thin-film
transistor; and

a storage electrode overlapping the drain electrode of the
switching thin-film transistor, with the gate insulation
film interposed therebetween.

10. The organic light-emitting display device according to
claim 9, wherein the storage electrode is formed from the
same transparent conductive layer as the anode.

11. The organic light-emitting display device according to
claim 9, further comprising:

a protective film and a bank sequentially disposed on the

storage electrode.

12. The organic light-emitting display device according to
claim 2, further comprising:

a light-shielding layer overlapping the driving thin-film

transistor;

a buffer layer between the light-shielding layer and the
driving thin-film transistor; and

a storage electrode overlapping the drain electrode of the
switching thin-film transistor, with the buffer layer
interposed therebetween.

13. The organic light-emitting display device according to
claim 12, wherein the storage electrode is formed of a same
material as the light-shielding layer and is in a same plane
as the light-shielding layer.

14. The organic light-emitting display device according to
claim 13, further comprising:

a gate insulation film, a planarization layer, a protective
film, and a bank sequentially disposed on the drain
electrode of the switching thin-film transistor.

15. The organic light-emitting display device according to
claim 14, wherein the planarization layer has a same shape
as the gate insulation film.

16. The organic light-emitting display device according to
claim 1, wherein:

the portions of the active layer that are directly contacted
by the source and drain electrodes are conductive, with
a channel region therebetween.
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